Thanks to international sequencing efforts, genome datasets have been growing exponentially in the past few years. The GenBank database, for example, has doubled every 15 months. With such a rapid growth, genome datasets and the associated access structures have become too large to fit in the main memory of a computer, leading to a large number of disk accesses (and therefore, slow response times) for homology searches and other queries. Much of the important information in this enormous and exponentially growing gold mine will be wasted if we do not develop proper tools to access and mine them efficiently.
It is evident that the exploding growth in biological data is on a collision course with current database query techniques, and presents new challenges to biological database design. The new generation of databases have to (a) encompass terabytes of data, often local and proprietary; (b) answer queries involving large and complex inputs such as a complete genome; and (c) handle highly complex queries that access more than one dataset (e.g. "find all genes that are structurally similar to a given gene and express similarly over a specific DNA microarray dataset"; "find all proteins that are structurally similar to a given protein, used in a given pathway, and are expressed similarly as another given protein in a given experiment"; "find all protein pairs that are less than 30% similar at a string level, share a given active site, and co-occur in some metabolic pathway").
The complexity, heterogeneity, and the size of biological data also raise difficult issues in the area of data models. Flexible and complex access to biological databases require a model in which information can be stored and queried, so there is a need to develop new data models that are sensitive to the novel characteristics of biological data and queries. Current databases use ad-hoc models that can answer a predefined set of queries and meet the requirements of only parts of the community. The static information about the modeled entities (genes, protein structures, enhancers, etc.) needs to be coupled with dynamic information such as metabolic pathways, regulatory networks, feedback mechanisms, and protein trafficking. There is an increasing demand for the integration of diverse information sources in order to answer complex queries. For example, in order to understand the differences in protein localization between normal and diseased cells, one will need to understand and query the entire dynamic process including abnormalities at the DNA level, and events during transcription, translation, and signalling. When the amount of data and the number of experiments become large, it is no longer feasible for a single scientist to track everything. Unified models will facilitate the integration of currently disparate data.
Following is a partial list of research problems focusing on data management for molecular and cell biology that we need to work on:
• Develop index structures with a small memory footprint that aid in local and global alignment of genomes. Develop new I/O scheduling techniques for accessing disk-resident biological data. Use the developed tools for genome comparisons (e.g., human vs. mouse) and shotgun assembly. Extend the above pairwise comparison techniques to multiple alignment of genomes.
• Develop new database techniques for finding globally and locally similar protein structures.
Develop new memory and CPU-efficient algorithms for discovering new motifs, active sites, and profiles in protein databases. Support similarity searches based on a mix of sequence and structure attributes.
• Develop new algorithms for comparison of pathways. Use these algorithms for construction of phylogenetic trees based on pathways. Develop techniques for combining information about pathways with sequences and structures. Realize the information about pathways in silico and use these models to make predictions.
• Support interactive queries and efficient access to distributed datasets through the use of prediction and statistics to identify meaningful data.
• Build new data models for providing seamless access to heterogeneous data sources such as strings, structures, and pathways.
